ABSTRACT The influence of long-bright and increasing-dim photoperiods on live and processing performance was investigated in 2 broiler strains. Fifty males of moderate (M) and high (H) yield strains were placed by strain in 2 pens in each of 12 rooms. Six rooms were provided a long-bright photoperiod (LB treatment) of 23L:1D with 2 footcandles of intensity. The other 6 rooms were provided an increasing-dim photoperiod Mortality was unaffected by treatment or strain. Total breast weights and yields were 42 g or 5.1% greater, respectively, in the LB than the ID treatment. Fillet weights and yields, and tender yields, were greater in the LB than ID treatment. Leg weights and yields, and wing yields, were greater in the ID than LB treatment. Total breast weights of M and H strains were similar; however, yield was 3.3% greater in the H than M strain. Fillet yields were greater in the H than M strain. Wing and leg weights and yields were greater in the M than H strain. There was an interaction effect on fat pad weights and yields, which were greater in H strain subjected to ID treatment than other strain and treatment combinations. These results indicate that increasing photoperiods and dim intensities, which often improve broiler live performance, may have a greater negative effect on breast meat production than differences in strains.
INTRODUCTION
Continuous or near continuous (23L:1D) photoperiods were once the norm in commercial broiler production because they resulted in increased growth rates relative to those attained under natural photoperiods (Morris, 1967; Gordon, 1994; Buyse et al., 1996) . Therefore, they served as the control treatment in studies in which increasing photoperiod programs often resulted in similar BW at slaughter, improved feed conversion, reduced total mortality, and reduced losses due to leg abnormalities, ascites, and sudden death syndrome (Classen and Riddell, 1989; Classen et al., 1991; Charles et al., 1992; Blair et al., 1993; Renden et al., 1993; Lott et al., 1996; Scott, 2002; Downs et al., 2006) . Unfortunately, increasing photoperiod programs appeared to reduce breast meat yield in the only reports that addressed this variable (Renden et al., 1993; Downs et al., 2006) .
After about 1 wk of age, artificial light has generally been provided to commercial broilers at relatively low intensities (<1 footcandle, FC) to minimize electrical costs and reduce activity and aggressive behaviors (Morris, 1967; Gordon, 1994; Buyse et al., 1996) . Recently, broilers provided 18L:6D at both 1 and 0.1 FC had reduced BW from 4 to 6 wk similar to that of broilers reared under increasing photoperiods; however, only those provided 0.1 FC later attained slaughter BW (at 49 d) similar to those provided 23L:1D at 1 FC (Lien et al., 2007) . In addition, overall BW and feed consumption were greater in broilers provided increasing photoperiods at an intensity of 0.1 FC than 15 FC (Lien et al., 2008) . Based on these observations, it seems that growth performance may be improved by dim light in increasing programs and by bright light in long photoperiod programs. However, interaction effects between photoperiods and intensities were not observed in previous reports, which compared near continuous and increasing photoperiods of either 15 and 0.5 FC (Charles et al., 1992) , or 2 and 0.25 FC (Downs et al., 2006) .
This study was conducted to compare the influence of increasing-dim (0.1 FC) and long-bright (23L:1D and 2 FC) photoperiod programs on broilers. The rationale for comparing these programs was based on our hypothesis that long-bright photoperiods are more stressful than increasing-dim photoperiods. This hypothesis was formulated due to the early growth and feed consumption-stimulating effects of long photoperiods (Morris, 1967; Gordon, 1994) , the stimulation of maximal breast meat yield by long and bright photoperiods (Downs et al., 2006; Schwean-Lardner et al., 2006; Lien et al., 2007) , the associated greater demands on the developing physiological support systems of the bird (Gordon, 1994) , and encouragement of the aggressive behaviors of the bird by high light intensities (Buyse et al., 1996) . Based on recent reports (Lien et al., 2007 (Lien et al., , 2008 , providing the increasing program at a dim intensity seemed likely to improve growth performance. Strains with differing market niches were tested to broaden the applicability of results, address questions about potential strain differences, and provide a baseline to which light treatment-induced differences in breast meat production could be compared. The present report will document growth performance and processing characteristics, whereas effects on stress responses will be included in a subsequent report.
MATERIALS AND METHODS

Bird Management
Six hundred male Ross (Aviagen Inc., Huntsville, AL) × Cobb 500 (Cobb-Vantress Inc., Siloam Springs, AR) and 600 male Ross × Hubbard UY (Hubbard LLC, Paint Lick, KY) chicks were obtained from integrated poultry producers. The 2 groups of chicks had the same sire strain but different dam strains, were from different producers, but were from breeder flocks of the same age (40 wk). They were vaccinated for Newcastle disease, infectious bronchitis, and Marek's disease at the hatcheries. Fifty chicks from each dam strain were randomly placed in 1 of 2 pens (3.66 m long × 1.53 m wide), which equally divided 12 light and temperaturecontrolled rooms (2.15 m high). Room temperatures were maintained at 31 to 33°C from 1 to 7 d, 27 to 29°C from 7 to 14 d, 22 to 24°C from 14 to 21 d, and 18 to 29°C from 21 to 54 d. An electric forced-draft heater provided heat in each room and gave off no light. An exhaust fan controlled by a thermostat and cycle timer drew outside air into each room at 46.7 m 3 /min. A positive-pressure evaporative cooler provided cooling in each room. A thermostat-controlled ceiling fan in each room provided an air speed of 2.24 m/s at bird height. This study was conducted in Auburn, Alabama, during September through November. Minimum and maximum outside ambient temperatures during the study were 8 and 34°C, respectively. Birds were provided standard corn-soy broiler starter (fed d 1 to 14), grower (fed d 14 to 28), finisher (fed d 28 to 42), and withdrawal (fed d 42 to 54) feeds containing 22.2, 20.0, 17.5, and 16.5% CP and 3, 085, 3, 140, 3, 170, and 3, 215 kcal of ME/kg of feed, respectively. The starter feed was crumbled and others were pelleted. A tube feeder, bell-type drinker, and a 10-cm layer of fresh pine shavings were in each pen. Feed and water were provided continuously. Walls and ceilings were painted white to ensure light distribution. All procedures were approved by the Institutional Animal Care and Use Committee of Auburn University.
Experimental Treatments
Six rooms were provided long-bright photoperiods (LB treatment) of 23L:1D and 2 FC. The other 6 rooms were provided increasing-dim photoperiods (ID treatment) of 20L:4D from 1 to 10 d, 12L:12D from 10 to 21 d, 15L:9D from 21 to 28 d, 18L:6D from 28 to 35 d, 20L:4D from 35 to 54 d, and 0.1 FC. Four evenly spaced 40-or 15-W incandescent bulbs lit each room of the LB and ID treatments, respectively, and were controlled by a rheostat and clock. Intensity was monitored at bird head height using a digital illuminometer (Greenlee Textron Inc., Rockford, IL) twice weekly, and rheostats were adjusted to attain desired intensities. Based on anecdotal information from industry sources, Ross × Cobb 500 birds were considered a moderate breast meat yield strain (M strain), whereas Ross × Hubbard UY birds were considered to be a high breast meat yield strain (H strain). Light treatments and strains made up a 2 × 2 factorial arrangement.
Measurements
Individual BW were determined and BW uniformity (% within ± 10% of BW mean) was calculated at 7, 35, and 54 d. Group BW were determined at 14, 28, and 42 d. Feed consumptions were determined and feed conversions calculated by pen at 7, 14, 28, 35, 42, 49 , and 54 d. Mortalities were recorded daily, necropsied, and cause of death classified as either metabolic (ascites, skeletal disorders, or sudden death syndrome) or nonmetabolic (other causes) based on position and posture, as well as internal and external abnormalities.
At 54 d, 10 birds per pen were randomly selected for processing, weighed, subjected to a 10-h feed withdrawal period, and placed in transport coops. Birds were shackled, electrically stunned (50 V, 20 mA, 400 Hz), and killed by a cut severing the right carotid artery and jugular vein. After a 95-s bleed-out, birds were subscalded at 56.6°C for 90 s in a steam-injected scalder, defeathered for 42 s in a 1.22-m-long picker, automatically eviscerated, and chilled for 2 h in a static slush of ice and water. Carcasses were drained, weighed, and deboned to obtain skinless boneless breast fillets (pectoralis major muscles), breast tenders (pectoralis minor muscles), total breast, wings, legs, and abdominal fat pad weights. Yields were calculated as a percentage of carcass weight.
Statistical Analysis
A randomized, incomplete block design with a 2 × 2 factorial arrangement of lighting treatments and strains was used. Data were analyzed for light treatment, strain (nested within rooms), and interaction effects between light treatments and strains in a single statistical model using PROC GLM (2004 version, SAS Institute Inc., Cary, NC). Data were analyzed independently at each age with pens as experimental units. Percentage data were arc sine-transformed before analysis. Statistical significance was reported at P ≤ 0.05 unless otherwise indicated.
RESULTS AND DISCUSSION
Live Performance
From 7 to 28 d, ID treatment BW were less than LB (Table 1) . However, from 35 to 54 d, BW did not differ and was numerically greater in the ID than LB treatment. Cumulative feed consumption was significantly less in the ID than LB treatment from 7 to 35 d (Table 1 ) and remained numerically lower in the ID treatment from 42 to 54 d. Initially, lower BW and feed consumption in the ID treatment were likely due to decreased light intensity because photoperiods were similar to those of the LB treatment during the first 10 d. Markedly shorter photoperiods in the ID treatment likely continued this effect from 10 to 28 d; however, once ID treatment photoperiods increased to 18L:6D at 28 d, BW increased and was numerically greater than in the LB treatment. These observations seem to indicate that although dim intensities have a negative effect on BW at younger ages, they have a positive effect at later ages, whereas markedly shorter photoperiods have a negative effect.
Relative to near-continuous light, increasing photoperiod programs have been demonstrated to reduce early growth and feed consumption, yet provide for compensatory growth resulting in similar BW at slaughter (Classen and Riddell, 1989; Classen et al., 1991; Renden et al., 1993; Lott et al., 1996) . This has been observed with light intensities of either 15 and 0.5 FC (Charles et al., 1992) , or 2 and 0.25 FC (Downs et al., 2006) . In a recent study, BW and feed consumption of broilers on an increasing photoperiod program were greater throughout rearing in those provided 0.1 FC rather than 15 FC (Lien et al., 2008) . Similarly, final BW and feed consumption were increased by exposure to 0.1 rather than 1 FC when provided via an 18L:6D photoperiod that transiently reduced early BW and feed consumption much like an increasing photoperiod program. However, both parameters were reduced by 0.1 FC, relative to those provided 1 FC, when provided via a photoperiod of 23L:1D (Lien et al., 2007) . Based on these reports, it would seem BW and feed consumption under the 2 photoperiod treatments tested in the present study should have been maximized by the intensities at which they were provided, although this cannot be specifically verified from the design of the present study.
In the ID treatment of the present study, the longest photoperiods of only 20L:4D were provided from 1 to 10 and 35 to 54 d, whereas the shortest of 12L:12D was provided from 10 to 21 d. In most previous reports on increasing photoperiod programs, the longest photoperiods of 23L:1D were provided from 1 to 3 d and from 35 d to slaughter at 42 to 56 d, whereas the shortest photoperiods of 6L:18D were provided from about 3 to 14 d (Classen and Riddell, 1989; Classen et al., 1991; Charles et al., 1992; Blair et al., 1993; Renden et al., 1993) . However, Lott et al. (1996) (2005) call for minimum amounts of darkness of 6 and 4 h during all but the last 3 and 14 d of growout, respectively, increasing photoperiod programs may need to be modified slightly, but should still retain their efficacy while adhering to these guidelines.
Feed conversion was better in the ID than LB treatment from 7 to 42 d, but no longer differed at 54 d (Table 2). This was likely due to the reduced BW through 28 d and reduced feed consumption through 35 d of the ID treatment because feed conversion generally becomes poorer as BW and feed consumption increase. Previous reports have documented transitory decreases in feed conversion at early ages due to increasing photoperiod programs (Charles et al., 1992; Blair et al., 1993; Renden et al., 1993) , although others have observed increases (Classen et al., 1991; Lott et al., 1996) . However, in only a few reports have these decreases in feed conversion been maintained through time of slaughter (Classen and Riddell, 1989; Blair et al., 1993; Scott, 2002 ). It appears that decreased feed conversion may be a potential benefit of increasing photoperiod programs, particularly in broilers slaughtered at earlier ages.
The M strain had greater BW and feed consumption throughout the trial with final values at 54 d being 4.1 and 4.3% greater than in the H strain, respectively Means within a column and effect with no common superscripts differ significantly (P ≤ 0.05).
1
The long-bright photoperiod treatment was provided 2 footcandles (FC) of intensity and a photoperiod of 23L:1D from 1 to 54 d.
2
The increasing-dim photoperiod treatment was provided 0. Pooled SEM for main effects (n = 12).
4
Pooled SEM for interaction effect (n = 6). Means within a column and effect with no common superscripts differ significantly (P ≤ 0.05).
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The long-bright photoperiod treatment was provided 2 footcandles (FC) of intensity and a photoperiod of 23L:1D from 1 to 54 d. Pooled SEM for main effects (n = 12).
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Pooled SEM for interaction effect (n = 6). Table 3 . Influence of photoperiod treatment and strain on carcass part weights and yields Means within a column and effect with no common superscripts differ significantly (P ≤ 0.05).
1
Yields were calculated as a percentage of carcass weight.
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Pooled SEM for interaction effect (n = 6).
( Table 1) . Greater M strain BW may have been due in part to their greater chick weights (43.2 g) than the H strain (39.8 g), although they were from similar-aged breeder flocks (40 wk). Feed conversion was better in the M than H strain from 7 through 35 d; however, at later ages, it did not differ significantly and was numerically less in the H strain at 54 d (Table 2 ). This appeared to be primarily due to the more rapid increase in BW of the M than H strain through 14 d. Similar BW and feed conversion differences have been observed between different concurrently available broiler strains (Renden et al., 1992 (Renden et al., , 1994 . Apparently increased selection pressure for breast meet yield decreases that for growth rate and may result in decreased BW and feed consumption. Neither metabolic, other, nor total mortality were affected by light treatment or strain (Table 2 ). Increasing photoperiod programs have previously been observed to decrease mortality (Charles et al., 1992; Renden et al., 1993) , particularly due to ascites (Lott et al., 1996) , sudden-death syndrome (Blair et al., 1993; Scott, 2002) , and leg abnormalities (Classen and Riddell, 1989; Classen et al., 1991) ; however, other reports have not observed significant differences (Downs et al., 2006) . Differences in intensity have generally not influenced mortality (Newberry et al., 1988; Charles et al., 1992; Lien et al., 2007 Lien et al., , 2008 . Uniformity was greater in the M strain at 7 (P = 0.0572) and 35 d (P = 0.0730), and in the ID treatment at 35 d (P = 0.0674; Table 2 ). However, uniformity was not influenced by either light treatment or strain at 54 d. The few earlier reports that have documented the influence of lighting programs or strains on uniformity have observed limited effects (Downs et al., 2006; Lien et al., 2007 Lien et al., , 2008 .
Processing Characteristics
Carcass weights paralleled live weights and along with carcass yields (data not shown) were not affected by treatment, strain, or their interaction. Total breast weight and yield were greater in the LB than ID treatment, whereas total breast yield was greater in the H than M strain (Table 3) . Total breast differences were primarily due to similar differences in fillet weight and yields, although tender yield was also greater in the LB than ID treatment. Wing weights were greater in the ID than LB treatment, whereas both wing weights and yields were greater in the M than H strain. Similarly, leg weights and yields were greater in the ID than LB treatment and the M than H strain. Fat pad weights and yields were affected by an interaction in which they were increased in the H strain by the ID treatment, but values of the other 3 strain and treatment combinations were similar. Previous reports have observed decreases in breast and increases in wing and leg weights or yields due to increasing photoperiod programs (Renden et al., 1993; Downs et al., 2006) and lower light intensities (Downs et al., 2006; Lien et al., 2007) . Similarly, Schwean-Lardner et al. (2006) observed a linear decrease in breast meat yield in response to shorter photoperiods maintained throughout rearing. The effects of strain on breast meat yield were expected based on the experience of the industry with these strains and were similar to differences between strains reported previously (Renden et al., 1992 (Renden et al., , 1994 .
It was notable that although BW and feed consumption were greater in the M than H strain throughout the trial and at slaughter (4.1 and 4.3%, respectively), total breast weight was numerically greater in the H than M strain and total breast yield was 1.0% greater as a percentage of carcass and 3.3% greater in a relative sense. However, in comparison to the ID treatment, the stimulatory effect of the LB treatment on breast meat yield was even greater, amounting to a 1.5% increase as a percentage of carcass and a 5.1% increase in a relative sense. Apparently, greater early growth rates under long and bright photoperiods, as opposed to short and dim photoperiods, result in greater breast meat development, perhaps due to an acceleration of the progression of the growth of different carcass parts (Lien et al., 2008) .
Though results of specific stress measurements made during this study will appear in a subsequent report, the results presented in this paper provide at best circumstantial evidence that long-bright photoperiods are more stressful than short-dim. The LB treatment did promote greater early growth, feed consumption, and feed conversion, as well as greater breast meat weights and yields; however, light treatment effects on mortality and uniformity were not significant.
